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Abstract 
A novel two step electrochemical deposition method for the synthesis of ZnO/Cu2O heterojunctions is reported. ZnO nanorods 
were grown on seeded oxidized silicon substrates and were subsequently employed as working electrodes for the 
electrodeposition of Cu2O in the same aqueous formamide solution using Zn and Cu foils as counter-electrodes respectively. 
Single crystalline Cu2O particles grow on top of the single crystalline and vertical to the substrate ZnO nanorods. Varying the 
growth parameters different Cu2O morphologies can be obtained, ranging from isolated cube and truncated cube particles to a 
continuous layer.. 
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1. Introduction 
ZnO is a wide (Eg=3.37eV) and direct bandgap II-VI semiconductor with relatively large exciton binding energy 
(60meV) at room temperature and high electron mobility [1]. Thus, it is an interesting candidate for applications in 
optoelectronics, solar cells, sensors and photocatalytic cells. However, ZnO due to its wide bandgap, cannot absorb 
visible light. Depositing a moderate bandgap semiconductor on ZnO increases the absorption of visible light. Such 
semiconductor is cuprous oxide Cu2O, a non-toxic, medium direct bandgap (Eg=2.1eV) material, with high optical 
absorption coefficient (2*105 cm-1– 3.7*106 cm-1 for Ephoton>2.7eV) [2]. Several techniques [3] have been used up to 
date for the fabrication of Cu2O [4]. These techniques include Cu thermal oxidation [5], anodic oxidation [6], sol-gel 
method [7], electrodeposition [8], and gas-phase deposition including sputtering and molecular beam epitaxy [9, 10]. 
In this work we report a novel two step electrochemical deposition method for the synthesis of ZnO/Cu2O 
heterojunctions. It is a simple, low-cost, non-toxic and -relative to the existing methods- low temperature fabrication 
procedure [11, 12]. In addition it can be easily scaled up and has a low energy footprint. More over it has the 
potential of sequential growth of ZnO and Cu2O utilizing the same cell and solution adding to the simplicity of the 
method. 
2.  Experimental methods 
ZnO nanorods were grown on seeded oxidized silicon substrates based on a wet chemical method, the basic 
underlying reaction of which is described in detail elsewhere [13]. The seeded substrates were prepared by electron 
gun evaporation of a (200nm) Ti and a subsequent (50nm) ZnO thin film in a high vacuum chamber at room 
temperature. The growth of the ZnO nanorods was accomplished in a PTFE cell. A 2x1cm seeded substrate and a Zn 
foil were immersed in the cell. The Ti thin film and the Zn foil were, externally, short-circuited by a wire. The cell 
was filled with a solution of analytical grade formamide and distilled water and placed in a hot bath at a temperature 
of 65oC. After about 12-24 hours growth period of ZnO, the samples were thoroughly rinsed in deionised water and 
ethanol and dried in air. 
 Subsequently, the samples were employed as working electrodes for the electrodeposition of Cu2O utilizing Cu 
foil as a counter-electrode. The electrolyte was an aqueous solution of formamide containing Zn complexes. The 
growth time varied between 3 to 10 hours and the temperature of the electrolyte was 65oC. During the whole 
process, pure molecular oxygen saturated the solution by bubbling. Alternatively after the ZnO growth, the Zn foil 
could be exchanged with a Cu one and the electrodeposition of Cu2O performed in the same aqueous formamide 
solution and cell. This could be achieved since the solution temperature and cell geometry for both synthetic routes 
is the same, the only difference being the replacement of the short circuit between metal foil and substrate with an 
applied voltage. Following growth, the samples were thoroughly rinsed in deionised water and ethanol and dried in 
air. 
The morphology of the resulting samples from each step of the procedure was determined by scanning electron 
microscopy (SEM) using an FEI Inspect microscope, operating at a voltage of 25 kV. Powder X-ray diffraction 
(XRD) spectra were acquired with a SIEMENS D500 diffractometer, using Cu KĮ radiation (Ȝ = 0.15418 nm). 
Transmission Electron Microscopy (TEM) was undertaken utilizing a JEOL F2100 microscope operating at 200kV. 
Cross-section TEM samples were fabricated by Focus Ion Beam (FIB) thinning using an FEI Quanta 3D FEG.  
3.  Results and Discussion 
Typical plane-view and cross-section SEM images after ZnO and Cu2O growth are shown in Figure 1 (a) and (b) 
respectively. The applied potential to the substrate with respect to the Cu foil was 0.6V.  
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As can be seen in Figure 1, at first, ZnO nanorods grow almost verticalyl to the substrate acquiring a length of 
about 7 ȝm. On top of these ZnO nanorods cubic Cu2O particles are grown with a size of about 2 ȝm. The 
crystalline structures of the above are verified by the X-ray diffraction spectrum shown in Figure 2a. The XRD 
spectrum, presented in log-scale in order to enhance low intensity peaks, was indexed according to JCPDS 75-1531 
cubic Cu2O and 36-1451 hexagonal ZnO structures. It is evident that only Cu2O and ZnO phases are grown during 
the chemical synthesis. Figure 2b shows the XRD spectrum of the same specimen after the initial ZnO growth and 
prior to the subsequent Cu2O growth, in linear scale in order to compare the relative ZnO intensities. The high 
intensity of the (002) ZnO peak implies that the single crystalline ZnO nanorods grow almost perpendicular to the 
substrate along their c-axis, in agreement with the SEM observations. 
 
TEM was utilized to study the crystallinity of the Cu2O particles. Figure 3a shows a FIB cross-section bright field 
micrograph of the ZnO/Cu2O heterojunctions. Two cubic Cu2O particles can be seen grown on the tips of the ZnO 
nanorods. Figure 3b is a high resolution TEM (HRTEM) image of the ZnO/Cu2O interface, while in the inset the 
corresponding selected area electron diffraction pattern can be seen. It is evident that both the Cu2O particle and the 
ZnO nanorod are single crystalline. The ZnO grows along the wurtzite c-axis while there is a missorientation of the 
[001] Cu2O and [001] ZnO directions. Also the Cu2O/ZnO interface has a roughness of about 2nm.  
            
      (a)       (b) 
Fig. 1 Typical (a) top view and (b) cross section SEM images of Cu2O/ZnO heterojunctions. 
     
             (a)                 (b) 
Fig. 2 Typical XRD spectrum of (a) Cu2O/ZnO and (b) ZnO microstructure. 
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The following growth mechanism of Cu2O on the ZnO nanorods is proposed. Applying a potential of 0.6V on the 
substrate with respect to Cu foil the following half-cell chemical reaction takes place in the Cu anode, resulting in 
the formation of Cu-formamide complexes: 
2Cu+2nHCONH2ĺ 2[Cu(HCONH2)n]1++2eí   (1) 
In the vicinity of the substrate, the Cu-formamide complexes decompose, releasing copper ions that react with the 
oxygen dissolved in the solution, to form Cu2O on the tips of the ZnO nanorods that act as nucleation sites, as shown 
in the following half-cell reaction:  
2[Cu(HCONH2)n]1++1/2O2+2eíĺCu2O+2nHCONH2 (2) 
By adding the above partial chemical reactions the net result is the formation of Cu2O from copper metal and 
oxygen dissolved in the solution. The required oxygen is provided via the bubbling of pure molecular oxygen.  
The morphology, the density on the ZnO film, as well as the size of the Cu2O crystallites are controlled by the 
parameters of the applied chemical method. Predominant growth parameters are the solution temperature, the 
formamide concentration, the growth time, the oxygen supply, the morphology of the underlying ZnO nanorods and 
the applied voltage. 
The optimum applied voltage for the synthesis of Cu2O particles is 0.6-0.7 V since a voltage higher than 0.9 V 
leads to the formation of metallic Cu particles in addition to the Cu2O ones. The growth time, as well as the oxygen 
supply, have decisive role in controlling the coverage fraction of ZnO nanorods by Cu2O. Figures 4a and b show the 
obtained Cu2O for the case of 600 cc/min and 1300cc/min oxygen supply respectively. It is evident that in the first 
case isolated Cu2O particles are grown, while a continuous film is fabricated in the later case due to coalescence of 
adjacent Cu2O particles. The increase of the O2 supply results in an increase of the current during growth as can be 
seen in Figures 4c and 4d. The charge area density was calculated from these plots as 6.05C/cm2 and 7.83 C/cm2 
respectively. Since each electron transferred from the Cu foil to the substrate corresponds to the deposition of one 
Cu ion it is evident that in the later case a higher Cu2O mass is obtained. It can also be concluded that O2 supply is 
the liming factor for Cu2O growth. 
Moreover, two different morphologies of Cu2O crystals were synthesized, cubes and truncated cubes with sizes 
varying between 500nm to 6 ȝm, as shown in Figure 5. The Cu2O morphology seems to depend mainly on the 
morphology of the ZnO nanorod tips [13]: when Cu2O is grown on flat-tip ZnO nanorods thicker than 150nm they 
obtain a cubic morphology, while on tapered-tip thin ZnO nanorods (~50nm) truncated cubes are formed. This 
 
     
    (a)             (b) 
Fig. 3 (a) Bright field and (b) HRTEM image of Cu2O/ZnO heterojunction with corresponding SAED pattern shown in the inset. 
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difference could be attributed to the different ZnO planes acting as nucleation sites for the Cu2O growth. 
Experiments are under way to further study this difference. 
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             (c)      (d) 
Fig.4. SEM images of two different Cu2O morphologies, (a) cubes and (b) truncated cubes and corresponding growth currents as a function 
of time (c) and (d). 
         
            (a)      (b) 
Fig.5. SEM images of two different Cu2O morphologies, (a) cubes and (b) truncated cubes. 
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4. Conclusion 
A novel, two step electrochemical method was developed for the growth of single crystalline Cu2O/ZnO 
heterostructures, promising for the fabrication of heterojunction solar cells. It is a simple, scalable and low cost 
method. Furthermore it is versatile since it can be tailored to fabricate Cu2O particles with sizes varying from a few 
hundred nm to several ȝm, of cubic and truncated cubic morphology and from isolated particles to a continuous 
layer on top of ZnO nanorods.  
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